Relationship between sample weight, homogeneity, and sensitivity of fecal culture for Salmonella enterica
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Abstract. When testing for organisms such as Salmonella enterica in an aliquot taken from a sample of feces, the sensitivity of the procedure is considerably higher if the organisms are randomly distributed in the feces than if the same concentration of organisms is in random clusters. However, dispersing the clusters (by homogenizing the sample before taking the aliquot) increases the sensitivity. The increase depends on the weight of the fecal sample taken.
By itself, thoroughly mixing a sample with clustered organisms before taking an aliquot greatly increases the sensitivity of the procedure because the homogenization disperses any clusters and increases the chance that an organism From the Office of the Chief Veterinary Officer, Agriculture, Fisheries, and Forestry-Australia, PO Box 858, Canberra ACT 2601, Australia.
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will be in the aliquot. Increasing the sample weight simply increases the chance of collecting a cluster that can be dispersed. An economic strategy to increase the sensitivity if clusters are a possibility may be to take as large a sample as practical, mix it well with a minimum of inexpensive processing, and subject a subsample to more complicated or expensive processing, from which the aliquot is then taken for culture. A recent study 1 found that the probability of detecting Salmonella enterica increased with the weight of the fecal sample from which an aliquot for bacteriological culture was taken. The study surmized that this was due to uneven shedding but found the same relationship between sensitivity and sample weight in a further experiment that homogenized the fecal samples.
Regardless of whether the organism is clustered or randomly distributed in the feces, one would expect that the sensitivity would depend on the size of the aliquot rather than the amount of feces collected. However, as the calculations below show, if a sample with clustered organisms is homogenized before the aliquot is taken, the probability of detection increases with the weight of the sample. For many tests, homogenization occurs by default, as was the case when the feces were diluted in a buffered peptone water solution.
A simplified model of the sampling can be used to illustrate the relationship between the probability of detecting the organism and 3 factors-whether the organisms are clustered, whether the sample is homogenized after collection, and, most importantly, the sample weight. Consider a procedure that collects a sample of S g of feces and then takes an aliquot from the sample equivalent to A g of feces for culture. The organisms are either clustered randomly in the feces (with N organisms per cluster and an average of C clusters per gram) or distributed randomly (at the same average concentration of C ϫ N organisms per gram). The Poisson distribution, by its definition, describes the number of randomly occurring clusters or organisms in a portion of feces. 2 For example, the number of clusters in the sample, X, has a Poisson distribution with mean S ϫ C.
The sensitivity of the culturing procedure (the probability of detecting at least 1 organism) depends on n, the number of organisms in the aliquot, and p, the probability that a particular organism is detected by the culturing. The binomial distribution 2 describes the number of organisms detected and gives the probability of detecting at least 1 organism as 1 Ϫ (1 Ϫ p) n . However, n has its own statistical distribution, and the overall sensitivity is found by summation after taking into account the probabilities that n ϭ 0, 1, 2, . . . . For example, if the number of organisms in the aliquot has a Poisson distribution with mean , the sensitivity is found to be 1 Ϫ e Ϫϫp .
If there is no clustering, the number of organisms in the aliquot has a Poisson distribution with mean A ϫ C ϫ N, whether or not the sample is homogenized before the aliquot is taken. The sensitivity of the procedure, 1 Ϫ e ϪAϫCϫNϫp , depends on the concentration of organisms in the feces and on the weight of the aliquot but not on the weight of the sample. If the organisms are clustered but the sample is not homogenized before the aliquot is taken, the number of clusters in the aliquot has a Poisson distribution with mean A ϫ C, each cluster has N organisms, and the sensitivity of the procedure is found to be 1 Ϫ e ϪAϫCϫ[1Ϫ(1Ϫp) ] . This can be con-N siderably less than that for nonclustered organisms but again depends on the weight of the aliquot and not on the weight of the sample.
However, if a sample with X clusters is homogenized before the aliquot is taken, the number of organisms in the aliquot has a binomial distribution since each of the X ϫ N organisms has a probability of A/S of being in the aliquot. X itself has a Poisson distribution with mean S ϫ C.
The sensitivity of the procedure is found to be 1 Ϫ or, after expanding the exponent as a . The sensitivity depends on the weight of the sample, and as the weight of the sample is increased, the sensitivity increases to (but remains less than) 1 Ϫ e ϪAϫCϫNϫp , the sensitivity corresponding to a homogeneous distribution of organisms. Table 1 illustrates these formulas by showing how the sensitivity varies with sample weight and number of clusters (but with the same average concentration of organisms). Simply taking an aliquot from feces in which the organisms are clustered has poor sensitivity unless the number of clusters is quite large. The sensitivity is greatly increased if the clusters are dispersed before the aliquot is taken, and further, the effect that sample weight has on sensitivity is particularly noticeable if the number of clusters is low. For a given number of clusters per gram, the sensitivity increases with sample weight, although at a diminishing rate, to a limit corresponding to that for random nonclustered organisms. For a given sample weight, the sensitivity also increases to the same limit as the average number of clusters per gram increases. In Table 1 , based on an average of 1 organism per aliquot, this limit is 63.21%.
Evaluation of a multiplex reverse transcription-polymerase chain reaction assay for subtyping hemagglutinin genes 1 and 3 of swine influenza type A virus in clinical samples
Young Ki Choi, Sagar M. Goyal, Han Soo Joo Abstract. A multiplex reverse transcription-polymerase chain reaction (RT-PCR) assay was developed to detect and identify subtypes of hemagglutinin (H) 1 and H3 swine influenza virus (SIV). Two oligonucleotide primer sets were prepared using published sequence data for H1N1 and H3N2. The PCR products with unique size characteristics of each subtype were sequenced, and the sequences were confirmed to be subtype specific for H gene 1 or 3. These primer sets did not amplify when RT-PCR assay was performed for genomic DNA or RNA from other common swine pathogens. The RT-PCR assay was able to detect viral RNA up to 1 tissue culture infective dose of reference SIV H1N1 or H3N2. The multiplex RT-PCR was applied to 30 SIV isolates subtyped by hemagglutination inhibition (HI) test. Forty-three positive and 20 negative swine field samples for SIV by virus isolation were also tested. Of these 73 SIV-positive samples tested, H1 and H3 were identified in 38 and 28 samples by the multiplex RT-PCR, respectively. The remaining 7 samples were positive for both H1 and H3 genes. No positive reaction was found for all 20 SIV-negative field samples. Subsequently, 235 random field samples from pigs with respiratory problems were tested by the multiplex RT-PCR, and 26 and 13 samples were found to be positive for H1 and H3, respectively. Results of these multiplex RT-PCR were comparable with those of the HI test. These results suggest that multiplex RT-PCR can be a useful test for detection and subtyping of SIV in clinical samples.
Swine influenza virus (SIV) is one of the most common causes of respiratory disease in swine. The virus also causes respiratory disease in humans. 6, 7, 12, [15] [16] [17] Several subtypes within type A influenza virus have been reported based on differences in hemagglutinin (H) and neuramidase (N). 11 To date, 15 different H subtypes and 9 N subtypes have been identified in mammals and birds. 10 Although various subtypes of influenza virus have been reported from swine populations, H1N1, H1N2, and H3N2 have been commonly identified throughout the world. In North America, only 1 subtype of H1N1 was known in clinically affected pigs. Infection with H3N2 subtype in pigs has been diagnosed in different countries. 1 nohistochemistry, antigen-capture ELISA, indirect fluorescent antibody, and hemaggultination inhibition (HI) have been used for the detection of SIV infection in pigs. 2,4,5,8 A commercial ELISA kit, a designed for the detection of type A influenza virus infection in humans, has also been used in some veterinary laboratories for the detection of SIV. Single reverse transcription-polymerase chain reaction (RT-PCR) assay has also been used for detection of SIV, 13 but information on the use of multiplex RT-PCR in clinical swine specimens is not available. The purpose of this study was to develop and evaluate a multiplex RT-PCR assay that can identify SIV H1 or H3 directly from clinical samples. Swine influenza reference viruses used were H1N1 (A/ swine/New Jersey/11/76) and H3N2 (A/Swine/Minnesota/ 9088-2/98). A total of 73 SIV-positive samples along with 20 negative clinical samples (10 nasal swabs and 10 lung homogenates) were initially used to evaluate multiplex PCR. Ten isolates of H1N1 cultivated in embryonated chicken eggs in 1996 were obtained from Dr. Russell Bey, Department of Veterinary Pathobiology, University of Minnesota. Twenty SIV isolates and 43 SIV-positive and 20 negative clinical specimens were obtained from Minnesota Veterinary Diagnostic Laboratory (MVDL). Madin-Darby canine kidney (MDCK) cells were used to isolate SIV as described previously. 9 These 63 SIV-positive samples had been subtyped by HI, but the results were not given to the operator
